Abstract. In this work we present an analysis of the optical polarimetric variability of the TeV-blazar 1 ES 1959+650 from 2007 October 18 to 2011 May 5. The source showed a maximum variation of 1.2 mag in Rband, and a maximum polarization degree of 12.2%. The blazar presented a preferential position angle of the optical polarization of ∼ 153
Introduction
The TeV-blazar 1ES 1959+650 was discovered in the radio band as part of a 4.85 GHz survey performed with the 91 m NRAO Green Bank telescope [1] . Polarimetric observations at 43 GHz VLBA from 2005-2009 revealed spine-sheath structures in the electric vector position angle (EVPA) [2] . These authors concluded that this blazar consists of a ∼1 mas jet extending to the southeast at a position angle of about 150
• . Furthermore, the source was observed also in the optical bands where it displayed large and fast flux variations [3] . The source is known to be hosted by an elliptical galaxy at z = 0.047 and with M R =-23. The spectral energy distrubution shows its first synchrotron peak at UV-X-ray frequencies. This object is classified as high-peaked BL Lac object (HBL). The first γ-ray signal at very high energies was reported in 1998 by the Seven Telescope Array in Utah [4] . In 2002 this object showed two TeV flares without simultaneous X-ray flares, a behavior sometimes referred to as orphan flares [3] . This blazar is listed in The First Catalog of AGN detected with Fermi Large Area Telescope [5] . In this work we report the results from the photopolarimetric monitoring of the TeV-blazar 1ES 1959+650. Our main goal is to establish the long-term optical variability properties of the polarized emission in the R-band. Variability of the Stoke's parameters obtained from our observations is analyzed in terms of a two-component model. Estimations of some physical parameters that are known to be associated with the kinematics of the relativistic jet were obtained. Also, we present a comparison of the polarization propa e-mail: msorcia@astro.unam.mx b e-mail: erika@astro.unam.mx c e-mail: hiriart@astrosen.unam.mx erties found in our study with recent radio maps obtained with the VLBI at 43-GHz on this source by [2] . Our work suggests that the observed radiation originates in a region inside the jet where a standing shock is produced.
Observations
The observations were carried out with the 0.84 m f /15 Ritchey-Chrétien telescope at the Observatorio Astronómico Nacional of San Pedro Mártir (OAN-SPM) in Baja California, México. We used the instrument Polima which is a direct image polarimeter [see 6]. All observations were made as a part of a support program dedicated to the optical R-band monitoring of 37 blazars in the framework of the GLAST-AGILE Support Program (GASP) of the Whole Earth Blazar Telescope (WEBT). 1 Polima consists of a rotating Glan-Taylor prism driven by a stepper motor with an accuracy of 0
• .1. We used CCD's with pixel sizes go from 13.5 to 24 µm and plate scales from 0.22 to 0.39 arc-sec pixel . Polarimetric calibrations were done using the polarized standard stars ViCyg12 and HD155197 and the unpolarized standard stars GD319 and BD+332642 [7] . The magnitudes were measured using the aperture photometry technique. Then, we calculated the object's R-band magnitudes using comparison star 2, located ∼2'.1 away from the target. The calibrated magnitude of the comparison star 2 in the R-band used is 12.53±0.02 mag, from [8] .
Results
The R-band magnitudes were converted into apparent fluxes using the expression:
6 mJy. The fluxes were corrected for the contribution of the host galaxy according to [9] . We have to consider the ambiguity of 180
• in the polarization angle. For this purpose we corrected the polarization angle assuming that the differences between the polarization angle of temporal adjacent data should be less than 90
• . Figure 1 shows the R-band flux, the R-band light curve in magnitudes, the polarization degree p and the position angle θ obtained for all 25 observing runs in ∼3.6yr. From these data, a maximum of R =14.08 mag is observed, and a variation of ∆ m R =1.12 mag in ∆t =329 • (see Figure 3) . The minimum flux variability timescale obtained from our data in the R-band is t var =9.74±1.17 days.
To identify the presence of a stable polarized component, we define the average values of Q and U as the stationary polarization component. Figure 4 shows the Q − U plane for the stable component. These average values appear as a black-filled star in the Q − U plane plot, and correspond to a stable component with constant polarization degree P c = 4.1% ± 0.5% and polarization angle Θ c =151
• ±13
• . The constant polarization degree has a dispersion σ P c =2.1%. To estimate the variable component parameters, we looked for a possible linear relation between Q vs I and U vs I for the three relevant Cycles. For Cycle IIa (see Figure 5) , our data show a linear tendency between these parameters. The polarization degree found for the variable component is p var = (46.8%±4.9)%, with a polarization angle θ var = 150
• ±4
• .
Discussion and conclusions
Let us assume that the variable R-band flux component is produced by a standing shock, such that the source is a spherical blob of radius r b moving in a turbulent plasma, with a constant jet's Lorentz factor Γ j . Thus, in the observer's reference frame, the flux of the shocked region is
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1/2 its global velocity in units of speed of light, and Φ is the viewing angle. The observed degree of polarization depends on the shock's viewing angle Ψ, the spectral index α, and the ratio of densities of the shocked region to the unshocked region η = η shock /η unshock [10] :
and
We assumed a bulk Lorentz factor Γ j = 18, and value of α ox = 1.64, given by [11] . From these equations, we can estimate the Doppler factor as a function of time. We adopt η = 2.3, which is the minimum possible compression that produces a degree of linear polarization as high as 47%. From Figure 6 , it can be seen that when the source shows its maximum brightness (14.08 mag, JD 2455002), the Doppler factor reaches δ ∼23, the viewing angle of the jet show a minimum value of Φ ∼ 2
• .3, and the viewing angle of the shock Ψ ∼ 73
• undergoes its maximum aberration due to relativistic effects. This finding may explain the high degree of polarization found in the low activity phase. That is, the amplification of the magnetic field components parallel to the shock due to Doppler effect is not enough to considerably increase the polarization degree. In this context, the shock could be affecting an emission zone with a magnetic field almost parallel to the jet axis. We find the maximum compression of the plasma η=1.145 when the polarization degree reaches its maximum value of 10.3% (JD 2455062). On the other hand, the lifetime of the synchrotron electrons for a given frequency ν in GHz is [12] :
From our data [6] we find t var = 9.7 ± 1.2 days, and δ 0 = 23. From here, we obtain the magnetic field intensity B = 0.061±0.005 G., and an upper limit to the emission region size of r b ≤ ct var δ 0 /(1 + z) = (5.61±0.68)×10 17 cm. From photometric and polarimetric analysis we conclude that in general, there could not be found any correlation between the polarization degree and the optical flux, except when the source started to decrease its brightness after the first maximum occurred. The minimum variability timescale of the R-band flux was found to be ∼10 days for the entire period of observations. The source presented a preferential average position angle of 153
• ± 16
• . This preferred position angle of the optical polarization is in good agreement with the projected position angle of the parsec scale jet found by [2] from 43 GHz images. The analysis done with the Stokes parameters reveals the existence of two components that contribute to the polarized flux, such that the polarimetric behavior is consistent with a spine-sheath structure of the jet. Finally, the R-band observed variations can be explained in the framework of a standing-shock model.
